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In the recent quantum-gravity literature there has been strong interest in the possibility that
quantum properties of spacetime might affect the laws of particle propagation, including the E(p)
(energy/momentum) dispersion relation. The most used test theory for data analysis is based
on a quantum-gravity-scale modification of the laws of propagation proposed in astro-ph/9712103
[Amelino-Camelia et al, Nature 393 (1998) 763], and the present best limit on the quantum-gravity
scale, EQG > 4·10
13TeV , was obtained in gr-qc/9810044 [Biller et al, Phys. Rev. Lett. 83 (1999)
2108]. I find an improved limit by using recent experimental information on the way in which
gamma-rays emitted by blazars are absorbed by the far infrared diffuse extragalactic background.
There are still some sizeable experimental uncertainties in the analysis of this absorption, which
originate primarily from the uncertainties in the density of the far infrared diffuse extragalactic
background, but even factoring in these uncertainties (adopting the conservative analysis of the
experimental situation described in astro-ph/0102226 [Stecker and Glashow, Astropart. Phys. 16
(2001) 97]) I find the limit EQG > 4·10
15TeV , which represents a factor-100 improvement, and is
just a factor 3 below the Planck scale. As a corollary I show that, contrary to the recent claim of
astro-ph/0208507 [Stecker, Lectures at Chalonge International School 2002], the test theory here
considered does not allow decays of photons into electron-positron pairs, and therefore the limit on
EQG obtained in astro-ph/0208507 does not hold.
The fact that Lorentz symmetry is such a crucial ingredient of our present description of the fundamental laws of
physics has motivated a large effort to test this symmetry to the highest possible precision. In addition to the general
interest in probing the robustness of the principles we hold as fundamental, recently tests of Lorentz symmetry have
attracted interest also as a result of the realization that in various approaches to the quantum-gravity problem one
encounters nonclassical features of spacetime that lead to small departures from Lorentz symmetry. A quantum-
gravity-motivated phenomenology of departures from Lorentz symmetry was proposed in Ref. [1]. The idea that
Lorentz symmetry might be only an approximate symmetry has then also been considered in other quantum-gravity
models based on “spacetime foam” pictures [2], in “loop quantum gravity” models [3,4], in certain “string theory”
scenarios [5], and in “noncommutative geometry” models [6–8].
While different quantum-spacetime pictures typically lead to somewhat different types of departures from Lorentz
symmetry, in a large majority of cases (see, e.g., Refs. [9–14] and references therein) the first level of analysis of the
relevance of new data for this quantum-gravity research is based on a reference test theory that adopts the deformed
dispersion relation considered in Ref. [1],






(where EQG is a positive dimensionful quantity, possibly of the order of the Planck scale), and undeformed laws of
energy-momentum conservation.
From (1) it follows that the velocity of photons depends on their energy, vγ ' 1 − E/EQG, and as a result a
group of photons emitted (quasi-)simultaneously should reach the Earth with some correlation between energy and
time of arrival. The present best limit on EQG was obtained in Ref. [9]: the negative results of a search of time-
of-arrival/energy correlations for a TeV-gamma-ray short-duration flare from the Markarian 421 blazar allowed to
deduce the limit EQG > 4·10
13TeV .
In Refs. [10–13] it was observed that, in addition to this possible manifestation in time-of-arrival/energy correlations,
the quantum-gravity-scale modifications of the dispersion relation could have observably-large implications for what
concerns the opacity of our Universe to various types of high-energy bursts.
According to the familiar classical-spacetime dispersion relation the far infrared diffuse extragalactic background
should give rise to significant absorption of TeV and multi-TeV photons. This prediction can be significantly suppressed
in presence of the modified dispersion relation (1). This can be verified by considering the threshold condition for
electron-positron pair production in a head-on collision between a photon of high energy, E, and a photon of low
energy, . Energy-momentum conservation requires
E +  = E+ + E− = 2E
′ , (2)
p− q = p+ + p− = 2p
′ , (3)
where p is the momentum of the hard photon, q is the momentum of the soft photon, E+ and p+ (E− and p−) are the
energy and the momentum of the emerging positron (electron). The momenta in the directions orthogonal to the one
of the head-on photon-photon collision vanish at threshold, and I also used the fact that, at threshold, p+ = p− ≡ p
′,
E+ = E− ≡ E
′. The quantum-gravity-scale modification of the dispersion relation is negligible for the low-energy
photon,  ' q, but it is important to keep the leading-order correction to the dispersion relations of the high-energy
particles




















If the photon of energy  is part of the far infrared diffuse extragalactic background and the photon of energy E is
emitted by a blazar one finds that the prediction for the minimum value of E that allows the creation of an election-
positron pair (absorption of the hard photon by the far infrared diffuse extragalactic background) is higher than the
corresponding prediction obtained in the classical-spacetime (EQG →∞) limit.
The classical-spacetime analysis, in which a key role is played by the threshold condition  ≥ m2e/E, the distance
of the blazar, and the density of the far infrared diffuse extragalactic background, leads to a prediction of the amount
of absorption to be expected as a function of the energy of the photons emitted by the blazar. The experimental
verification of this classical-spacetime prediction has made significant progress over the last couple of years: evidence
of absorption of TeV and multi-TeV photons has been reported in observations [15,16] of the Markarian 421 blazar
(at a redshift of z = 0.031), in observations [17] of the Markarian 501 blazar (at a redshift of z = 0.034), and in
observations [18] of the blazar H1426+428 (at a redshift of z = 0.129).
The fact that there are still some sizeable uncertainties in the density of the far infrared diffuse extragalactic
background does not allow to convert these observations into tight limits on departures from the classical-spacetime
analysis. Some room for new physics is still allowed [18], but the observations impose that the new physics (if any)
does not give a large contribution: as clarified by Glashow and Stecker [19], the present experimental situation rules
out the possibility of order-1 (100%) deviations from the threshold condition  ≥ m2e/E, up to photon energies of
20TeV . By comparison with the result (6) obtained in the test theory for quantum-spacetime modifications of Lorentz










This is the key result of the present note. It sets the new best limit on EQG, improving by two orders of magnitude
on the previous best limit [9]. While the previous best limit was still too far from the Planck scale to be of any impact
on quantum-gravity research, the new limit (6) is only a factor 3 away from the Planck scale. Further improvements
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of this limit would be most naturally achieved by reducing the uncertainties in the density of the far infrared diffuse
extragalactic background (which is however a very difficult experimental challenge) or by extending observations of
blazars beyond the 20-TeV level (which is already being attempted [20]). It is noteworthy that by just constraining
the correction term E2/(8EQG) below the 30% level for gamma rays of 20TeV or below the order-1 level for gamma
rays of 60TeV one would achieve sensitivity to the Planck-scale value of EQG.
While it is of course useful to mark the progress of experimental information in terms of a single simple test
theory, it should be noticed that the analysis here presented for the widely-adopted test theory of Ref. [1] does
not automatically apply to all quantum-gravity scenarios with Planck-scale modifications of Lorentz symmetry. In
particular, significantly different features are present in the scenario considered in Ref. [3], which (unlike the test
theory) involves a polarization dependence of the modification of the dispersion relation, and in the scenario proposed
in Ref. [6], which adopts a dispersion relation of type (1) but also assumes (unlike the test theory) that there is
a corresponding quantum-gravity-scale modification of energy-momentum-conservation rules, in order to avoid the
emergence of a preferred class of inertial observers.
A welcome feature of the limit I obtained here is that it is based purely on kinematics. Once the kinematic laws
have been specified one can go ahead with the proposal of a dynamical theory, but there is of course a certain
amount of freedom in introducing dynamics compatible with a given set of kinematic rules. Essentially a given short-
distance structure of spacetime will fix the rules of kinematics, and in turn those rules of kinematics will constrain the
construction of dynamical models, but some residual freedom at the level of dynamics is left over. Different dynamical
pictures may share the same kinematical picture (while the reverse is not possible). Therefore, in this research line
on possible new short-distance structure of spacetime, tests at the kinematical level are of wider applicability. An
interesting analysis of experimental limits on a dynamical picture with Planck-scale modification of Lorentz symmetry
was recently reported in Ref. [21]. Since the analysis of Ref. [21] of course made some needed assumptions in order
to construct a dynamical theory (Ref. [21] adopts dynamical laws which are inspired by results in the loop-quantum-
gravity research program) the limits there obtained have, as just emphasized, a less direct connection with spacetime
structure than the ones obtained here. However, it is significant that combining the analysis here presented and the
one presented in Ref. [21] it emerges that, from a variety of perspectives, Planck-scale sensitivity is being achieved in
ongoing observations, with a few years of advance with respect to expectations formulated not long ago [1,9,23].
In closing, since the primary objective of the present note was to derive a new best limit on the single parameter
EQG of the test theory of Ref. [1], I should comment on another popular strategy for setting bounds on high-energy
modifications of Lorentz symmetry, just to show that in the case of the test theory here considered this strategy does
not lead to a significant limit. In some multi-parameter phenomenological scenarios of parametrization of possible
modifications of Lorentz symmetry, such as the one proposed in Ref. [22], photons can simply decay into an electron-
positron pair. This allows to put very stringent limits on the Lorentz-symmetry-modification parameters using the
fact that very-high-energy photons have been observed from the Crab nebula [19,24]. However, the test theory here
considered, just like theories based on exact Lorentz symmetry, does not allow the decay of photons into electron-
positron pairs. To show this explicitly one can easily adapt the formulas (2)-(5) obtained in the analysis of the process
γγ → e+e−, to the case I am now considering of the process γ → e+e−. One finds that the process γ → e+e− would
be allowed in the test theory only if the following conditions could be simultaneously satisfied:




− + 2p+p−cos(θ) , (9)
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which can never be satisfied (the left-hand side is always smaller than 1, while the right-hand side is always greater
than 1). The process γ → e+e− is not allowed in the test theory of Ref. [1]. This result here derived explicitly was
already implicitly contained in the analyses reported in Refs. [25,26]. The opposite result (γ → e+e− allowed in the
test theory of Ref. [1]) was recently announced in Ref. [24]. The reader can easily trace back this incorrect result
obtained in Ref. [24] to an erroneous analysis of the test theory: in Ref. [24] the modified dispersion relation is only
applied1 to the electron and the positron, while for the photon it is assumed that p = E. So, essentially, Ref. [24]
1The notation adopted here is different from the notation adopted in Ref. [24]. In Ref. [24] it is erroneously deduced that
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adopted a nonuniversal dispersion relation, in spite of the fact of aiming for a limit on the test theory of Ref. [1],
which instead assumes universality. The limit obtained in Ref. [24] does not apply to the test theory of Ref. [1], and
therefore the present best limit on the EQG parameter is the one here obtained.
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from (1), in the analysis of the relevant threshold condition, it would follow that ce < cγ (where ce and cγ are the ones defined
in Ref. [24]), while the correct relation to be drawn from (1) is ce ' 1−E
′/EQG ' 1−E/(2EQG) ' 1−E/EQG +E/(2EQG) '
cγ + E/(2EQG) > cγ .
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